Concentrations of major inorganic ions (NH 4 ,Mg,SO 4 ,NO 3 ,NO 2 ,Na,Ca,HCO 3 ,F,Cl,Br,K), PH, Total Dissolved Solids (TDS), Electrical Conductivity (EC), Total Alkalinity and Total Hardness in bulk precipitation samples collected in the Tehran city of I.R. of Iran were analyzed. Results show that concentrations of the found substances were higher over the Mehrabad station. The mean concentration of ions indicated that, HCO 3 , SO 4 and NO 3 and were the main anions, while Ca ,Na,NH 4 and Mg were the main cations. Measured PH had shown that autumn and winter precipitation were mostly acidic while the spring and summer were mostly alkaline. The pH ranged from 4.6 to 8.1 with a mean of 6.3. The alkaline cations Ca and Mg and also Bicarbonate anion acted as acid neutralizers and buffered the acidity of rain. The Bicarbonate anion had the highest concentration, among all other ions, over both stations and plays an important role in reduction of the acidity of the rain water. Study upon the potential sources of the ions over Tehran by means of Correlation Analysis, Enrichment Factor and Principle Component Analysis indicate that existence of Qom salt lake and desert in the south of the city were the main source of the Ca,Mg,K and Na . There are anthropogenic sources for SO 4 ,NO 3 , NO 2 ,F, Br ion's. The other ions HCO 3 and NH 4 were from anthropogenic and dust origin.
INTRODUCTION
Precipitation is one of the most efficient mechanisms for washing the atmospheric pollutants, specifically particulate ones out. The process has two very important consequences (one good and one bad). The good one is that it clears atmosphere from many substances that have adverse impacts on many aspects of life whereas the bad one is that their reaction with rain water leads to the formation of some dangerous and destructive substances that have great impacts on both, the natural environment as well as manmade constructions. Precipitation chemistry plays an important role in understanding the air quality in a study area, because the concentrations and distribution of chemical components in rain depend on a variety of emission sources.
Realizing that, a lot of effort has been made in order to identify the nature and type of those particulates, especially in urban environment [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Study upon the atmospheric pollutants and their nature in Tehran atmosphere goes back to 1991, when Ismaeili Sari 2 , initially attempted to identify the nature of atmospheric pollutants over Tehran by sampling rain waters from synoptic and climatology stations (also, he did the same research for one station in Tehran 3 . The results for two researches have shown and also compared with present study in the section of results and discussion.
The city of Tehran (figure 1), the capital of I. R. of Iran is a mega-polis with more than 10 million population. The growth of the city during the last 30 years has turned the city to one of the most polluted cities in the country particularly during the autumn and winter. The geographical conditions of the city are the other most important factor affecting the city environmental condition and the nature of the particles that may be found in its atmosphere. The city long term annual average precipitation is 300 mm. It receives its precipitation mainly during autumn, winter (the most polluted period of the year) and spring. Consequently, understanding the impact of matter and substances that enter into the Tehran atmosphere on the precipitation is very important. Tehran is located in the south foot of central part of Alborz mountain range, where the height range varies between 2000 and 4000 m above mean sea level. Tehran is one of the industrialized cities of the country. Factories and industrial units are mainly located in southwest and east of the city. Tehran is also located in northern outskirt of Iran central desert. There is a salt lake in the south of the city called Qom salt lake that is the end rout of some main streams in the central part of the Alborz mountain range. Due to the impact of the climate change, dam construction on those rivers and extensive water usage, the lake is almost dry for a substantial proportion of the year. The city, also, ends to a plain on its northeastern part. Tehran rainy season starts at the middle of the autumn and ends in the middle of the spring. This does not mean there is no precipitation occurrence during other parts of the year, but if it rains it will not be that significant and it is mostly a trace.
Despite the fast city growth and significant increase in the number of the motor vehicles since those studies, no other study has been done to examine the impact of these two factors on the nature and concentration of the atmospheric pollutants over the city. This study aimed to provide a detailed evaluation of the chemical composition of precipitation in the Tehran and to evaluate the relative contributions of various sources.
Data and Methodology Sampling Sites and Sample Analysis
In this article, two Mehrabad and Aghdasiyeh synoptic stations were selected for rain water sampling. Aghdasiyeh synoptic station started to work in 1988 and is located in the northeast of Tehran, the area with highest annual average of precipitation among other areas of the city. According to Iranian Meteorological Organization records, the annual average of precipitation in this area is 420mm. Mehrabad synoptic station is the oldest meteorological station of the city that started to work in 1951 and is located in Mehrabad airport at the west of Tehran. Considering the distribution of the industrial units and factories, buildup areas, aerial and ground traffics and transportations, local daily atmospheric circulation, and the geographical location of the station, it could be claimed that the station is prone to substantial periods of air pollution from both natural and anthropogenic sources. The annual average of precipitation over this station is 231 mm. Figure1 and table 1, gives information about the geographical location of the two stations relative to the city.
Rain water samples were collected manually. The rain water collectors were located at 1.5m height above the roof of the two stations' buildings. To avoid any unwanted contamination of collected samples all bottles were washed with washing liquid, then strained six times by distilled water and finally drained by de-ionized water with electrical conductivity of less than 1.5ìs/cm. Each sampling started at the time of the onset of each rainfall event. Then, the collected water transferred to glass bottles and was sent to the laboratory in less than 24 hours. The samples were kept in temperatures ranging from 2 to 
Source assessment
In this ar ticle, Enrichment Factors, Correlation Analysis and Principal Component Analysis had been used in order to identify the sources of ions found in sampled rain waters.
Since the early 1970's a factor called Enrichment Factor (EF) is being used to identify the source(s) of substances that are found in the atmosphere or water. Many authors used this factor to identify the source(s) of ions that had been found in the rain water [13] [14] [15] [16] [17] [18] . Rahn (1975) 19 introduced equation (2) for calculating EF for rain water.
... (2) Where, X is the under study substances concentration and Ref stands for reference. Normally sodium is taken as reference aerosol for seawater and aluminium or calcium is taken as reference aerosol for land. Since there was not any aluminium among the identified substances in sampled rain water, calcium was used as reference aerosol. Equation 3 and 4 were used for the calculation of EF's for marine and land environments 10; 11 . ...(4) To calculate EF's, denominators were adopted from Keene et al., (1986) 14 and Taylor (1964)   20 for marine and land environments, respectively.
If EF is near one it means the enrichment has happened by that source (sea or land). EFs higher than one indicate that the source(s) was somewhere else.
Another methods that had been used by some authors to identify the sources of ions found in sampled rain waters was Correlation Analysis and Principal Component Analysis which were both used in this paper 21; 10;22; 18; 23 . Table 2 parts a and b show the volumeweighted mean, Volume-weighted standard deviation, minimum and maximum of PH, Total Alkalinity, EC, TDS and Total Hardness for both the Aghdasieh and Mehrabad stations. To calculate volume-weighted averages and standard deviations formulas 5 and 6 were used 24; 21 ... (5) ... (6) where P i , X i , and N are precipitation amount and entity concentration for i th sample and number of samples, respectively. Results show that in Aghdasieh the lowest measured pH was 4.72 and the highest was 7.95. The highest calculated Alkalinity was 33.58ppm. The same studies for Mehrabad indicate that the lowest and highest measured pH were 4.61 and 8.12, respectively. Again, the highest calculated Alkalinity was 40ppm. EC, TDS and Total Hardness were slightly higher at Mehrabad than Aghdasieh. They were 135ìs/cm, 110ppm, and 57.95ppm in Aghdasieh and 195ìs/cm, 130ppm, and 76.01ppm in Mehrabad, , respectively.
RESULTS AND DISCUSSIONS

Physiochemical properties of rain water
In figure 2 , the mean of pH, EC, TDS, Total Alkalinity and Total Hardness of rain water samples in different seasons of year and for both stations were shown. Results show that all of the values were the highest in spring and the lowest in winter.
Major inorganic ion
major Anions and Cations were found in the sampled rain waters. Tables 2a  and b are showing the mean, max, min and standard deviation of inorganic major ions concentration. Volume-weighted mean and Volume-weighted standard deviation that are calculated from relations In figure 3 , the mean of inorganic ion concentrations of rain water samples in different seasons of year and for both stations were shown. The results in figure (2) and (3) , had shown that high concentrations of bicarbonate anion and calcium cation in rain water samples is probably the main cause of observed alkalinity during spring. The main source of those substances is gas and earth's crust. According to Pruppacher and Klett (1997) 25 dusts are effective ice nuclease. However, they may effectively incorporate in the formation of rain droplets if sulfate aerosols sediment on them 26; 27; 28 . This process may be considered possible, especially, in winter time, when the number of sources for sulfur dioxide emission increases significantly. Due to high concentrations of sulfate anion and calcium cation in the spring, this will prove that this is true.
To investigate whether there are some differences between this and the two other studies study was carried out in the occasion of Iraq war on Kuwait and burning of the oil fields that emitted huge amount of sulfur dioxide in to atmosphere and second, is the impact of climate change that resulted in the longer dry period in Iran. The latter resulted in higher concentration of cations like calcium and magnesium and bicarbonate anion in the Tehran atmosphere due to more effective wind erosion of surface soils around Tehran as well as rise in the concentration observed for other anions and cations. Considering the main sources of those anions and cations their concentration increase could be attributed to the city population and area growth that inevitably led to a higher emission of particulate and gaseous pollutants into the city atmosphere.
Acid Neutralization
Acids are neutralized by bases such as NH 3 ... (7) Where, X is the cation concentration 21;
10; 29 . The average neutralization effect of basic cations identified in the samples, i.e. fo r b o t h s i t e s a r e shown in Figure(5). Figure5 indicates that Calcium was the main neutralizer and Potassium's role in neutralization was less than the other basic cations. Another conclusion that could be made is that because of the higher NF for all cations but Potassium at Aghdasieh, it could be expected that whenever taking a sample of rainfall in this site, it would be less acidic than samples collected in Mehrabad. The pH measurements also, confirm this result. The soil texture in the northeastern part of the city that is calcium reached, confirm the result, too (see http://www.ime.org.ir for more details).
Enrichment Factor
Results of the calculation of Enrichment Factor (EF) for , by equation 3 a n d fo r by equation 4 are presented in tables 3 and 4. According to the results, at both stations had roots in marine sources and magnesium came from both marine and land sources and the contribution from land sources were substantially higher than marine sources. The rest of EF's calculated from both equations 3 and 4 are too high and indicate they are mainly from anthropogenic sources.
Correlation Analysis
Another method that has been used by some authors to identify the sources of ions found in sampled rain waters was correlation analysis. The same procedure was followed in this study and the results are shown in Tables 5a and b . At Aghdasieh, the correlation coefficients range between 0.939 for nitrite and fluoride to 0.695 for pH and sulfate. Significant test of correlation coefficients showed that ions with anthropogenic origin are well correlated with each other. The same conclusions could be made for ions with natural origin. For example, the correlation coefficient between magnesium and bicarbonate is -0.823 in which all of them mainly come from natural sources. At Mehrabad station, again the highest observed significant correlation coefficient belongs to fluoride and nitrite by 0.909 and the lowest belongs to bicarbonate and pH by 0.718. and are common components of atmospheric aerosols 30; 31; 9 . All of them undergo reversible exchanges between gas and particle phase 32; 33; 34 . The results of correlation analysis suggest that chemical reactions among emitted pollutants from both natural and anthropogenic sources resulted in the formation of secondary pollutants. Some of them like ammonium chloride and sodium nitrate are hygroscopic materials. The latter substances may also react with each other to produce NaCl, N 2 and 2H 2 O in which the NaCl, is again an efficient hygroscopic substance. Solubility of chalk in acids may be regarded as the main reason for good observed correlation between calcium, sulfate and calcium, nitrate ions (CaCO 3 + H 2 SO 4 -> CaSO 4 + H 2 O + CO 2 ; CaCO 3 + 2HNO 3 -> Ca(NO 3 ) 2 + CO 2 + H 2 O). Significant correlation between calcium and pH accompanied with the above results may be interpreted as the main role of calcium cation played in neutralization of acids in sampled rain waters. An astonishing result of the correlation study was its smallness between Na + and Cl -for Aghdasieh samples and it's relatively larger but negative value for Mehrabad samples. This result may be interpreted as an indicator that NaCl was not the main supplier of those cation and anion in sampled rain waters. Another interesting result is the observed high correlation between two sodium and potassium cations. Since both of them belong to the same group of substances in Mandeleev's periodic table of elements and both are highly reactive and their main source is soil, interpreting the observed correlation is not that simple. However, high observed correlation between potassium and sulfate at both stations and potassium and nitrate at Mehrabad may be related to the existence of crop fields around Tehran and use of the chemical fertilizers. The observed high and positive correlation between sulfate and PH in Aghdasieh station may be related to the soil structure in the north eastern part of Tehran which has a great amount of lime and calcium sulfate. The high but negative observed correlation between magnesium and bicarbonate in Aghdasieh may be designated to the reaction between two Mg 2+ and HCO 3 -which result in the formation of MgCO 3 . The other observed correlations among anions and cations are well in agreement with the results of other authors.
Principal Component Analysis
To use Principal component analysis method in identification of sources, varimax-rotated factor was calculated by means of SPSS software. Results are shown in Tables 6a and b for Aghdasieh and Mehrabad stations. For Aghdasieh station, four principal components were identified. Factor 1, with total variance of 30.49, encompasses nitrate, chloride, calcium and sulfate. Thus this factor represented the mixed sources of anthropogenic and crust sources. The second group, Factor 2 with total variance of 21.35 encompasses fluoride and nitrite that both are mainly from anthropogenic sources implying a secondary source. Bicarbonates and pH's are the main contributor to the third group of principal component known as Factor 3, with total variance of 20.32. It could be a close relationship between bicarbonate, as an effective acid neutralizer and higher measured pH's. The main contributors in the fourth group, Factor4, are sodium and potassium cations that are mainly from natural resources. The same analysis for Mehrabad samples led to the identification of three groups of principal components that are titled Factor 1, Factor 2, and Factor 3. Factor 1, with total variance of 31.69, encompasses pH, chloride, calcium and bicarbonate as implying acid neutralization. The second group, Factor 2, with total variance of 28.24 encompasses fluoride, nitrate, nitrite and magnesium all of which represent the mixed sources of anthropogenic and crust sources. The third group, Factor 3, with total variance of 27.53 encompasses sulfate, ammonium and sodium all of which imply a secondary source. In total, the anthropogenic pollutants, secondary pollutants, sea salt and crustal minerals were the main sources of those ions in rainwater in Tehran.
CONCLUSION
The Study of chemistry of precipitation over Tehran indicated that major anions , S and , and major cations were , and . Concentration of all anions and cations were higher in Mehrabad samples than Aghdasieh ones. In both stations, the rainwater was typically alkaline as the pH value ranged from 4.6 to 8.1 with a volumeweighted mean value of 6.3. Acidity of rain waters was higher in Mehrabad samples (with minimum amount of 4.6). Observed higher acidity in Mehrabad may be attributed to the existence of factories, nearby passenger terminal, busier traffic condition(s) and more importantly local atmospheric circulation. In both stations, the alkaline , Ca , Mg cations and Bicarbonate anion acted as acid neutralizers and buffered the acidity of rain. This is due to the fact that the soils in and around the city of Tehran are, CaSO 4 , CaCO 3 , and MgCO 3 rich soils. Source identification has been done with several methods, indicated that SO 4 , NO 3 , NO 2 , F, Br and part of HCO 3 , Cl and NH 4 came from anthropogenic sources, where, Ca,Mg, K, Na, and the most part of HCO3 originated from natural sources (dust). There were also some secondary particles, namely NH 4 NO 2 , NH 4 F, NH 4 Cl,NH 4 NO 3 , NH 4 HSO 4 ,NH 4 (SO 4 ) 2 , in sampled rain waters. Due to urbanization, increase of usage of water resources and substantial reduction in precipitation amount, the main particulate matters found over Tehran were dust particles. Increase in atmospheric dust, especially in the spring, are quite clear from the values of total alkalinity, EC, pH, total hardness and TDS. Factories around Tehran, oil refineries, fossil fuels, agricultural activities, Qom salt lake and great desert in south of Tehran may be counted as the main sources of found materials in sampled rain waters. Consequently, it could be concluded that the chemistry of precipitation over Tehran influenced by short, medium and long distance sources.
